Objective To compare mortality outcomes in the three years after elective colectomy, no colectomy, and emergency colectomy among people admitted to hospital for inflammatory bowel disease, to inform whether the threshold for elective colectomy in clinical practice is appropriate. Design Record linkage studies. Setting Oxford region and England (1998England ( -2003. Participants 23 464 people with hospital stay for more than three days for inflammatory bowel disease, including 5480 who had colectomy. Main outcome measures Case fatality, relative survival, and standardised mortality ratios. Results In the Oxford region, three year mortality was lower after elective colectomy than after either no colectomy or emergency colectomy, although this was not significant. For England, mortality three years after elective colectomy for ulcerative colitis (3.7%) and Crohn's disease (3.3%) was significantly lower than that after either admission without colectomy (13.6% and 10.1%; both P<0.001) or emergency colectomy (13.2% and 9.9%; P<0.001 for colitis and P<0.01 for Crohn's disease). Three or more months after elective colectomy, mortality was similar to that in the general population. Adjustment for comorbidity did not affect the findings. Conclusions In England, the clinical threshold for elective colectomy in people with inflammatory bowel disease may be too high. Further research is now required to establish the threshold criteria and optimal timing of elective surgery for people with poorly controlled inflammatory bowel disease.
INTRODUCTION
Inflammatory bowel disease often causes debilitating morbidity, particularly among young adults. It can also be life threatening. It currently affects about a quarter of a million people in the United Kingdom.
1 2 A sharp increase in the incidence of Crohn's disease occurred from the 1950s to the 1980s in the United Kingdom [3] [4] [5] [6] [7] and in other European countries. [8] [9] [10] Since the 1980s the incidence of Crohn's disease has continued to increase in some regions [11] [12] [13] [14] [15] but not in others. 10 
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The incidence of ulcerative colitis in the United Kingdom and Europe has been more stable than that for Crohn's disease in the past 50 years, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] although some studies have reported increases 9 15 22 and reductions 12 14 over time. Currently about 35 000 total or partial colectomies are carried out each year in England (surgical rate 70 per 100 000 population), 23 and about 2000 people undergo colectomy specifically for inflammatory bowel disease each year. The lifetime risk of surgery is 70-80% for Crohn's disease, 2 about 20-30% for total ulcerative colitis, 2 and about 50% for chronic relapsing colitis, 24 although rates for colectomy vary between countries and regions.
Although several studies have reported on outcome after colectomy among people with inflammatory bowel disease, [25] [26] [27] [28] [29] [30] they are mainly small, short term studies in specialist departments, which have reported a relatively good prognosis. We used routinely collected data to investigate mortality after colectomy for inflammatory bowel disease in large population based settings. We compared mortality after elective colectomy with mortality after hospital stay with no colectomy or emergency colectomy.
METHODS
We compared mortality after elective colectomy, emergency colectomy, or no colectomy in people admitted to hospital for inflammatory bowel disease. Firstly, we used the unique longstanding Oxford record linkage study 21 to investigate admissions to hospital and numbers of colectomies for inflammatory bowel disease from 1 April 1968 to 31 March 1996 in the Oxford region, with systematic follow-up of death certificates to 31 March 1999. We followed this with a larger analysis using newly available record linkage for England from 1 April 1998 to 31 March 2000, with systematic follow-up of deaths up to 31 We included people admitted to hospital for inflammatory bowel disease when coded as the main diagnosis, and colectomy when recorded in any field for operational procedures on the patient's hospital discharge record. Codes for Crohn's disease were 563.0, 555, and K50 (international classification of diseases, eighth, ninth, and 10th revisions, respectively) and for ulcerative colitis were 563.1, 556, and K51 (eighth, ninth, and 10th revisions, respectively). Surgical codes for colectomy from the Office of Population Censuses and Surveys were 452, 453, 471, and 472 (first revision), 460, 461, 471, and 472 (second and third revisions), and H4-H11 and H33 (fourth revision). These cover both partial and total excision of the large bowel.
We included all types of admissions except patients who were admitted as day cases, as they usually only require elective endoscopy. We undertook two sets of analyses in patients with inflammatory bowel disease who did not undergo operation. Firstly, we excluded patients with hospital stay of less than four days as such patients would be less likely than those with longer stay to have severe inflammatory bowel disease. We then repeated the analyses including the patients with short stay. Data from the Oxford record linkage study covered 32 years from 1968. We identified and followed up each patient for three years after admission. At the end of the three years we included the next subsequent admission for the patient for a further three years' follow-up. We excluded any readmissions within the three years. For England we selected each patient's first admission for inflammatory bowel disease during the two years from 1998-2000 and followed each case for three years. We categorised the type of colectomy as elective if undertaken during an elective admission and as an emergency if carried out during an emergency admission. We also identified major comorbidities from secondary diagnoses on the inpatient records -that is, ischaemic heart disease, all other circulatory diseases, colorectal malignancies, all other malignancies, diabetes mellitus, liver disease, chronic obstructive pulmonary disease, and asthma.
Statistical analysis
We calculated case fatality rates using number of colectomies and hospital admissions for inflammatory bowel disease as the denominators and subsequent deaths from any cause as the numerators. When comparing case fatality between the patients who underwent elective colectomy, no colectomy, and emergency colectomy we split the three years of follow-up into several intervals; one month, 2-3 months, 4-6 months, and 7-36 months.
To compare mortality in the surgical patients and those admitted to hospital with those in the corresponding general populations of the Oxford region and England we calculated standardised mortality ratios using the indirect method. We calculated cause specific standardised mortality ratios from the underlying cause of death on the death certificates, using data from the Oxford region; data on cause of death were not available for the England study. We used multiple logistic regression to adjust case fatality for age, sex, and major comorbidities.
We calculated the relative survival during the three years after colectomy for inflammatory bowel disease as the ratio of the observed survival in surgical patients and those admitted to hospital to the expected survival in the corresponding general populations in the Oxford region and England, adjusted for age, sex, and time period.
RESULTS
The study population comprised 23 464 people from the record linkage studies in the Oxford region (1968-99) and in England (1998 England ( -2003 admitted to hospital for more than three days for inflammatory bowel disease (table 1). Table 2 summarises the case fatality rates at three years for both populations and figures 1 and 2 show the relative survival after elective or emergency colectomy or no colectomy for patients with ulcerative colitis or Crohn's disease in both areas.
In the Oxford region, case fatality at three years (table 2) were better than after either no colectomy or emergency colectomy ; this did not, however, reach statistical significance.
In England, case fatality at three years (table 2) and relative survival after elective colectomy for ulcerative colitis and for Crohn's disease ( fig 2) were significantly better than after no colectomy (P<0.001 for both diseases). Case fatality at three years and relative survival were also significantly better after elective colectomy than after emergency colectomy for both diseases (ulcerative colitis P<0.001, Crohn's disease P<0.01). These differences in mortality across the three patient groups remained similar when patients with short stays of 1-3 days and therefore presumed to have less severe disease were included with the more severe cases.
For people who underwent emergency colectomy the risk of death was increased substantially in the four to six months after operation for ulcerative colitis ( fig 2) . For ulcerative colitis, after about two months following elective colectomy and after about four months following emergency colectomy, mortality levelled off to that in the general population of equivalent age (fig 2) . For Crohn's disease, a short term drop in survival occurred in the two months after surgery; but then the mortality for patients who had elective colectomy levelled off at the rate of that in the general population ( fig 2) . In contrast with the profile for elective surgery, the survival of people with Crohn's disease who had emergency colectomy continued to worsen throughout much of the three year follow-up when compared with that in the general population. In people with ulcerative colitis or Crohn's disease who did not undergo colectomy, mortality was worse than that in the general population throughout the three years of follow-up (table 2 and fig 2) .
In the England study, significant differences were found in case fatality between the elective and no colectomy groups for ulcerative colitis during each follow-up duration period within the three years and between the elective and emergency colectomy groups up to three months (table 3) . For Crohn's disease, significant differences in case fatality were found between the elective and no colectomy groups at two months and subsequently up to the three years of follow up, and between the elective and emergency colectomy groups up to three months and at 7-36 months.
Adjusting for comorbidities
In the England study, adjusting for major comorbidities made little difference to the finding of increased mortality after emergency colectomy and no colectomy compared with elective colectomy (table 4). The increased odds of mortality in patients after elective colectomy compared with no colectomy was unchanged after adjusting for comorbidities in those with ulcerative colitis (2.18), and the odds of mortality was marginally reduced in those with Crohn's disease (2.51 to 2.49). For elective colectomy compared with emergency colectomy the increased odds for the emergency colectomy group fell slightly for patients with either disease (ulcerative colitis, 3.28 to 3.04; Crohn's disease, 2.86 to 2.68). When patients with short stays of one to three days were included, with inflammatory bowel disease presumed to be less severe, the mortality differentials across the three patient groups were similarly unaffected by comorbidities (table 4) .
Mortality from intestinal disease Data on cause specific mortality was not available from the England study. Of 544 deaths within three years of admission for inflammatory bowel disease without colectomy in the Oxford region, almost one third (165; 30.3%) resulted from intestinal disease; including 24 (4.4%) from malignancies. The cause specific standardised mortality ratio for Crohn's disease at three years, among people admitted for the disease in the Oxford region, was 1750 (95% confidence interval 1345 to 2209, based on 63 deaths, compared with a standardised mortality ratio of one in the general population). The corresponding cause specific standardised mortality ratio for ulcerative colitis, among people admitted for the disease, was 648 (487 to 833, based on 54 deaths). Table 5 shows the more limited surgical approach to colectomy in the emergency setting, which results in two further procedures to complete excision and Subsequent colectomy after an admission with no colectomy The main analysis was based on whether colectomy was undertaken at the patient's first identified admission with a length of stay of four or more days. For those who did not undergo colectomy during this admission, colectomy was possible in subsequent admissions. In England, of those who initially did not undergo colectomy, 9.9% of those with ulcerative colitis and 4.5% of those with Crohn's disease underwent colectomy during follow-up. Whether these patients were included or not made little difference to the study findings. For patients with ulcerative colitis who did not undergo colectomy in their first admission, case fatality was 11.8% for those who subsequently had colectomy and 13.8% for those who did not. For Crohn's disease, case fatality was almost identical (10.0% and 10.1%) for those who did or did not subsequently undergo colectomy. The results were similar for those patients admitted to hospital for inflammatory bowel disease with a hospital stay of one to three days or four or more days (table 2) .
Extent of surgery

DISCUSSION
Three year mortality was significantly lower among people who underwent elective colectomy for inflammatory bowel disease than among those who were admitted to hospital without colectomy or who had emergency colectomy. Our study findings suggest that the threshold for elective colectomy for inflammatory bowel disease in England may be too high.
The main strengths of this study were its scale (> 20 000 people admitted to hospital with a primary diagnosis of inflammatory bowel disease, including 5500 who underwent colectomy, and 2500 deaths during follow-up) and that it was undertaken in two geographically defined but otherwise unselected populations. The study used two record linkage studies that are unique in England-the longstanding Oxford record linkage study and the new English national record linkage. The two studies are independent of one another and cover different periods. Our first study was undertaken for the Oxford region, and its main findings-improved long term mortality for patients admitted for inflammatory bowel disease who underwent elective colectomy compared with emergency colectomy or no colectomy-led us to investigate this further in the second study of England. The findings of the Oxford study were confirmed, with a high level of statistical significance.
The main limitations of these record linkage studies, based on routine administrative data, are a lack of detailed information about the history, severity, and management of patients' diseases. Thus we were unable to fully ascertain disease severity in the three groups studied. When we adjusted for inpatient comorbidity using secondary diagnoses available from routine inpatient data, the main study finding of lower mortality after elective colectomy compared with no colectomy was scarcely altered, indicating strongly that this finding cannot be attributable to case mix. The most likely explanation is that the higher mortality among patients who had no colectomy would have been reduced if planned colectomy had been undertaken on some of the patients in this group, particularly as almost one third of all deaths in the Oxford region in the three years after admission without colectomy were from intestinal disease. We chose mortality after at least four days' hospital stay as the main analysis as we wanted to exclude patients with mild disease who were admitted for investigation rather than for treatment. The findings were not, however, altered when we included patients with stays of one to three days.
Overall postoperative mortality after colectomy in our study is broadly comparable with that reported from other smaller studies, with shorter follow-up; these reported case fatality rates of 0-5% from specialised centres in Birmingham, Chicago, Copenhagen, London, and Oxford. [25] [26] [27] [28] [29] [30] Our study has highlighted the increased mortality after emergency colectomy and has also documented the longer term outcomes both with and without surgery. For both forms of inflammatory bowel disease we found that three year survival was improved among people who underwent elective colectomy, and that the short term increased risks of mortality after elective surgery were confined to the first two months. Importantly, after the postoperative period, survival among people who underwent elective colectomy for ulcerative colitis and for Crohn's disease became similar to that in the general population. Also, as quality of life is normally *In the Oxford region it was not recorded whether colectomy was elective or emergency in six people who underwent colectomy for ulcerative colitis and in six who underwent colectomy for Crohn's disease. †When patients with short inpatient stays of 1-3 days were included in the England study, case fatality rates were similar at three years for elective, emergency, and no colectomy for patients with ulcerative colitis (3.7%, 13.4%, and 11.8%) and with Crohn's disease (3.3%, 9.9%, and 8.2%).
improved after surgery, 24 this illustrates further that, whenever indicated and possible, it is preferable for colectomy to be undertaken electively rather than risk the need for emergency surgery with its poorer prognosis.
Although mortality after emergency surgery for ulcerative colitis was initially higher than that in the general population, it returned to the level of the general population within a few months of surgery; this was not the case after emergency colectomy for Crohn's disease. This probably reflects the curative nature of successful surgery for ulcerative colitis, whereas such a cure cannot be achieved for Crohn's disease. Mortality three years after admission when colectomy was not carried out was almost as high as that after emergency colectomy. As the patients who underwent emergency colectomy were in general more severely ill than those who had no colectomy, A small number of patients had more than one colectomy procedure: each has been counted. this suggests that the decision not to operate may be the more dangerous option for severe cases. The threshold for elective colectomy for inflammatory bowel disease in England may be too high. About 15% of people with ulcerative colitis have a severe attack and require admission to hospital. 31 Of these, about 40% undergo colectomy and the remainder are treated medically. It has been recommended that approximately 85% of those who do not respond to treatment within three days should undergo colectomy. 32 33 To delay surgery further carries risks. 24 33 34 Our findings indicate that the threshold for surgery should probably be lower than at present, as recovery is still associated with an increased mortality at three years.
Although the current national UK audit of inflammatory bowel disease may provide more insight into these concerns, it will not provide a controlled comparison of surgical and medical treatment for severe disease nor give information on longer term outcomes. Further research is required to establish the criteria for threshold and optimal timing for colectomy in people with poorly controlled inflammatory bowel disease.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Many people with severe inflammatory bowel disease require colectomy at some stage and emergency colectomy carries a significant risk Mortality after elective colectomy is quite low, at least in the short term, but longer term follow-up data are lacking
WHAT THIS STUDY ADDS
Three year mortality among people admitted for inflammatory bowel disease is significantly better after elective colectomy than after no colectomy or emergency colectomy At three years the increased risk of mortality in people who did not undergo colectomy is almost as high as that in people after emergency colectomy for inflammatory bowel disease This is strong evidence suggesting that the threshold for elective colectomy is too high
